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Abstract ; The mechanism of Curcumae Rhizoma-Trionycis Carapax drug pair (CRTC) in treating liver fibrosis was explored
by using network pharmacology , molecular docking technology and experiment validation. Firstly, we collected the chemical
components and targets information of Curcumae Rhizoma (CR) and Trionycis Carapax (TC) ;then merged the targets of the
two drugs and removed duplicates. We used diverse disease databases to obtain genes information related to liver fibrosis. And
we extracted the intersection targets of CRTC and liver fibrosis , further visualized the network of “drugs-potential active ingre-

dients-potential targets”. We imported intersection targets into the STRING database to construct a protein-protein interaction
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(PPI) network ; performed GO function and KEGG pathway enrichment analysis and visualization, and then used AutodockVi-

na software to construct molecular docking models. Finally, the targets and pathways predicted by network pharmacology were

experimentally validated through in vivo experiments. Totally,65 intersection targets between CRTC and liver fibrosis were i-

dentified. In PPI network , the top 4 with the highest node connection values are interleukin-6 (IL-6), Akt serine/threonine

kinase 1( AKT1) ,signal transducer and activator of transcription 3 ( STAT3) and peroxisome proliferative activated receptor

gamma( PPARG) ,respectively. GO functional enrichment analysis involved 1 025 biological processes,41 cell components,

and 84 molecular functions. KEGG pathway enrichment analysis identified 149 pathways,including key pathways such as EG-

FR tyrosine kinase inhibitor resistance. Molecular docking results showed that IL-6,STAT3 and other core targets had good

binding activity with their corresponding components. The in vivo animal experimental results confirmed that CRTC can im-

prove the pathological morphology of liver fibrosis and significantly inhibit the expression of IL-6 , EGFR ,and STAT3. In con-

clusion, CRTC acts against liver fibrosis through multiple targets and multiple pathways,its mechanism is related to the IL-6/

EGFR/STAT axis predicted by network pharmacology and molecular docking.

Key words : Curcumae Rhizoma-Trionycis Carapax;liver fibrosis ; network pharmacology ; molecular docking; experiment vali-
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Fig. 1 Venn diagram for the intersection targets of CRTC-liver fibrosis
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B2 ZY-EBEEERS-BEERAM%
Fig. 2 Network diagram of drug-potential active ingredient-potential targets
T [ R ACFRIETERL 5 M (BT AR TE IR PRI 20 s B (75 Sk AUSR 259 s EBOL ~ EBO17 3 X i % 1 L4349 Note: The rounds repre-

sent potential targets;the pink rhombus represents the potential active ingredient;the yellow arrows represent drugs; EBO1-EBO17 correspond to the

compounds in Table 1 respectively.

&1 CRTCEEFMEMS

Table 1  Potential active ingredients in CRTC

254 Drug VEAETE PE 43 Potential active ingredient %5 Number
CR A% N Alexandrin EBO1
CR H B RATIC Hederagenin EBO2
CR Gweicurculactone EBO3
CR (1S,108),(4S,5S) - -1 (10) ,4- A H (15,108),(45,55) -germacrone-1(10) ,4-diepoxide EB04
CR Wenjine EBOS
CR T AR JE2E B ER Bisdemethoxycurcumin EB06
TC 11-+ /\ kMR 11-Octadecenoic acid EBO7
TC A 55 % Tetradecanoic acid EBOS8
TC + FiEfR Pentadecanoic acid EB09
TC +/\Bk#2 Octadecanoic acid EB10
TC +-LHkR Heptadecanoic acid EBI1
TC 9+ /\BjHis B2 9-Octadecenoic acid EBI2
TC 9,12-+ )\Bk —#5HR 9,12-Octadecadienoic acid EBI13
TC 8-+ )\t iR 8-Octadecenoic acid EB14
TC FEREER Hexadecanoic acid EBIS
TC 8,11+ /\ Bk — %2 8 ,11-Octadecadienoic acid EB16
TC 11-Eicosenoicacid EB17

SR 10 SLF S B RCE (R Rt HEA T AT AR B . v R R R R A I AR B X 4 7R MF o
15 BP o 22 RO R 0 SR RGO SR N A RS A S A (DL
IEmEAE BRI LA B A E M SR e CC K 4),
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Table 2 Top 5 potential active ingredients of CRTC in the treatment of liver fibrosis
2% Drug RTENG P 43 Potential active ingredient BE{H Degree
TC 9 12+ )\ Ik —}%HR 9 ,12-Octadecadienoic acid 95
CR W RER TG Hederagenin 94
TC 8-+ /\ ik 8-Octadecenoic acid 85
TC -+ )\t 9-Octadecenoic acid 84
TC 11-+ )\ B4R 11-Octadecenoic acid 82

3 CRTC X#E¥B = PPI
Fig. 3 PPI network diagram of key targets of CRTC

CC

4 CRTC SR REERE GO ThEESHTE
Fig. 4 GO functional analysis diagram of intersection targets of CRTC and liver fibrosis
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Fig. 5 KEGG pathway enrichment analysis diagram of intersection targets of CRTC and liver fibrosis
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Table 3 The top 20 critical pathways

3 % 45 Pathway number 3 §% 44 K Pathway name
hsa05200 I % Pathways in cancer
hsa05207 {243 JfE-2 A% Chemical carcinogenesis-receplor activation
hsa01521 EGFR [i% I S W0 I R0 254 EGFR tyrosine kinase inhibitor resistance
hsa05205 SR T (475 [ 2 Proteoglycans in cancer
hsa04151 PI3K-Akt {55 i [#% PI3K-Akt signaling pathway
hsa04933 Wi PRI & E 1 AGE-RAGE {55+ % AGE-RAGE signaling pathway in diabetic complications
hsa01522 PI4FIEHT Endocrine resistance
hsa04659 Th17 401434k Th17 cell differentiation
hsa05417 B 5T 5 B Bk REAE AL Lipid and atherosclerosis
hsa05161 LT Hepatitis B

hsa05163 N E 415 758 Human cytomegalovirus infection
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2:5% 3 ( Continued Tab. 3)

18 B 45 Pathway number 4% FR Pathway name

hsa05235 SEE P PD-L1 (9353571 PD-1 K75 538 B PD-L1 expression and PD-1 checkpoint pathway in cancer
hsa05167 % PG PR R AH S 90 95 9 B % e Kaposi sarcoma-associated herpesvirus infection

hsa05215 i3I %% Prostate cancer

hsa04625 C RIBEE R ZIR(E 58 8% C-type lectin receptor signaling pathway

hsa04066 HIF-1 {5230 8% HIF-1 signaling pathway

hsa05223 AE/INH 962 859 Non-small cell lung cancer

hsa05214 W5 Glioma

hsa05206 JEAE TP AT B % R MicroRNAs in cancer

hsa04926 FAIBZ (% 2§ Relaxin signaling pathway

hsa05215

hsa04151
hsa04625 / /||
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B 6 CRTC &7 BT 4T 4EAL AOERI -5 52 #E i - 50 12 18 it IO 2% [
Fig. 6 Disease-key targets-key pathways network diagram of CRTC in treating liver fibrosis
T MO ZRTEAR SR AT o 5 B L T AR R SR [ 5 38 (7 AR IF£F 1L . Note: The pink rhombus represents the key targets; the blue

rounds represents key pathways ;the yellow arrows represent liver fibrosis.
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Table 4 The molecular docking binding energy between core components and core targets

L Tt PDB ID Gt

Active ingredient Target Binding energy ( kcal/mol )
8, 11-+/\fk —##R 8,11-Octadecadienoic acid IL-6 1ALU 4.45
Wenjine AKT1 1H10 7.18
BAS 1 Alexandrin STAT3 6NIS 4.54
9,12+ /B — 452 9, 12-Octadecadienoic acid PPARG 2059 6.42

7 BORSS5ZMERBRS FIERERE
Fig. 7 Schematic diagram of molecule docking between core components and core targets
W AILG 5 8 11—\ 45023 B: AKT] 15 wenjine; C:STAT3 5#I% N5;D:PPARG 5 9,12-1 /U 4. Note:A:IL6 and
8,11-octadecadenoic acid;B: AKT1 and wenjine;C;STAT3 and alexandrin;D:PPARG and 9,12-octadecadienoic acid.

2.8 CRTC XFFAF44L KRB
2.8.1 KA—MHEA

2 HAR BAERKARE RIF, ROV 88, KB
B BE MR/MEIER R BT g . SR
FHLE, FHMEZH R CRTC 4559 2 20 /9 K BRTE 25 49 1 il
JaREZAHK, B8 POKEA — & BE N, K
PRSI G, RAE P A5 B AS TR R B 1) 22 i

2.8.2 AR RMIELRT SR

2 R BRI/ N S5 R TS M e B, DL b e i
KA G PR S APIR A S HES , P2 IR DL
A IRAE R A AE A IR B R o B4 K SR AY AT
NS R ECEL , PR HEFI L , Hh B A i 1
KT ARMIIATE , FEAT B A0 R AE AR iR T, 5 A
A% HE, K EH B 41 R CRTC 4% 7] 8 41 6 K BRI 2
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SR OIE LA AN R RE B A b /N 25 R . R (LK 8)
TE M, AR A IR AE I /D, S8 E 20 i 35 T 7 T2 Dk

v

B8 CRTC XfRFAEH L RKIEZE R (HE, x20)
Fig. 8 Effects of CRTC on liver histopathology ( HE, x20)

2.8.3 CRTC xFAF & 4t X & IL-6 .EGFR.STAT3 -
R 7
ELISA 25 B /R . 5725 L4 HE , B 2 BRI 6
S50 TL6 . EGFR . STATS 7K 51 5 8 1 ( P < £, . . 2 3
0.05 5 P <0.01) ; 54721 Af b, BH P 201 R 75 2
Frf 1L-6 [EGFR STAT3 &1 i Z 4% (P <0.05 o
5 P <0.01), FATAEI CRTC iy £ 551 5 21 K Bl 0 -
7 IL-6 \EGFR [ STAT3 =& /K34 A F2E 1) o e T cHemanen aner
REARG , e rp o 50 45 24 206 13X = A $8 b 14 52 il e 9 CRTC 3 IL-6 & B850
K, BEMHEE(P<0.058 P<0.01) (W35 MK Fig. 9 Effects of CRTC on IL-6 expression
9~11), V578 FIALAT LG, P <0.01; SBURLLATLL, " P <0.05, " " P<
%5 CRTC WBTA 44 K B 1L-6 EGFR. 0.01, Note:Compared with Con,* P <0. 01 ; compared with Mod

STAT3 @Em%ﬁﬂﬁ](;is,nzlm *P<0.05,**P<0.01.

Table 5 Effects of CRTC on IL-6 ,EGFR,STAT3 in rats with

Z 150 #
liver fibrosis(x +s,n =10)
2H 5 1L-6 EGFR STAT3 @ ;
Group (ng/mL) (ng/mL) (ng/mL) _ 1001
=
g
Con 1.98 £0.75 83.09 £25.05 96.31 +£6.58 E
~
Mod 5.47 £2.61%  118.60 £23.39 114,50 £5.63* g
Pos 2.02+£1.71"" 83.99+13.87" 97.03 £8.42"*
CRTC-H 2.24£1.49* " 84.57£25.22" 97.92+8.12** 0: =

Con Mod Pos CRTC-H CRTC-M CRTC-L

CRTC-M 2.35+£1.65" 85.70 +28.62 99.42 £8.10" "

CRTC-L.  2.64+1.65°  89.36+15.66 100.4+10.73" 10 CRTC 3f EGFR & E/I% 0
TE. 52 M, P <0.05,%P <0.01; SEEIHMIL,* P < Fig. 10  Effects of CRTC on EGFR expression
0.05," " P<0.0L, T 52 UL, * P <0. 05 SEURALILL, * P <0.05. Note:

Note : Compared with Con,*P <0.05,"P <0.01 ; compared with Mod, *

P<0.05,%" P<0.0l. Compared with Con,*P <0. 03 ;compared with Mod, * P <0.05.
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150 =

i

P wx o
100 — I

50 —

STAT3 (ng/mL)

0
Con  Mod  Pos CRTIC-H CRIC-M CRTC-L
B 11 CRTC Xf STAT3 §E2H#M
Fig. 11  Effects of CRTC on STAT3 expression
T 52 AL, ™ P <0. 01 SERIA AL, * P <0.05,7 " P<
0.01. Note:Compared with Con, ™ P <0.01 ;compared with Mod
*P<0.05,""P<0.01.
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